Satellite sewage collection and treatment systems have been independently developed and managed in East African cities outside the centrally planned and sewered areas. A satellite approach is a promising provisioning option parallel to public sewerage for middle-and high-income residential areas, endowed institutions, and government facilities. Although the studied satellite systems offer localized solutions that fit the situation of Kampala, better treatment and management arrangements are needed. Such arrangements do not readily conform to centralized or decentralized sanitation paradigms and likely require flexible mixtures of the two into modernized mixtures. In the case of Kampala, such mixtures entail regulation and control by centralized agencies, development and management by decentralized satellite providers, hybrid treatment process, and separation of waste(water) flows.
Introduction
P ublic sewerage coverage in large towns of developing countries is dismal in most cases; and this situation is likely to remain, as governmental agencies in such countries are not capable of providing other infrastructural utilities in the future than the way they have been doing in the past (Lee and Floris, 2003) . The inability of public sewerage agencies to develop sewerage facilities in tandem with city growth calls for alternative sewerage provision arrangements and a shift toward promotion of multiple systems (Crites and Tchobanoglous, 1998; Van Lier and Lettinga, 1999; Ho, 2005; Van Dijk, 2008; Gikas and Tchobanoglous, 2009; Massoud et al., 2009) . One of the feasible shifts to alternative sanitary provision in East African cities is to establish decentralized satellite sewerage and treatment systems. In satellite areas, decentralized spatial planning, sewerage, and treatment are converging to provide small-scale solutions aimed at curbing urban informality, spread of insanitary conditions, and environmental pollution. This article aims at demonstrating that with better treatment technology choices and management arrangements than currently is the case, decentralized satellite sewerage and treatment systems can offer a viable alternative for providing sanitary services at intermediate scale in East African cities, with Kampala serving as a case study.
Methodology
The article is based on case studies of five satellite sewerage systems cases out of eight existing in Kampala: Bugolobi, Naalya, Namboole, Ntinda, and Unise; whereas those left out are Luzira, Mukono, and Kyambogo. The five cases are chosen because they are more accessible, have operated for longer, and most treatment stages are operational. Assessment was done through interviews with satellite owners and operators, residents living close or being served by satellite systems, a Kampala city planner, a sewerage consultancy firm, and public health officers. The assessment included structured observations aided by checklists, and content analysis of practical reports. Seven grab samples were used for performance assessments { for total suspended solids (TSS), chemical oxygen demand (COD), ammonium nitrate (N-NH 4 ), and total phosphate (TP), whereas the five grab samples done in February were used to assess performance of fecal coliform counts. Water column sampling was utilized, which is rapid, suitable for ponds, and not dependent on the time of the day (Pearson et al., 1987) . Sampling and analysis were done in conjunction with National Water and Sewerage Corporation (NWSC) as part of Lake Victoria Environment Management Program monitoring of pollution along Nakivubo-Inner-Murchison Bay in Lake Victoria. Effluents were analyzed using standard procedures (APHA, 1992) .
Satellite Sewerage and Treatment System as Modernized Mixtures
A satellite system is a decentralized sewerage and treatment system that serves a defined outlaying area not connected to a central sewerage system. Satellite systems comprise an intermediate level between public large-scale sewerage and private on-site sanitation. Andoh (2004) described several advantages of satellite systems over centralized systems:
saving costs by using small piping networks and reduced collection systems using less mechanical devices, thus low labor requirements with a scope for community management providing local treatment with a potential for local reuse ability to deliver high removal efficiency without relying on a more complex treatment process can be located upstream, thus resulting in reduced public health risks and effective utilization of assimilative capacity of the receiving environment offering low risks of disruption In addition, they are less vulnerable to political instabilities and are less dependent on external funds, grants, and subsidies.
Inclusion of satellite sanitation systems in the overall sewerage and drainage management plan implies organization of sanitary infrastructures in certain geographical areas in multiple ways, resulting in a mix of scales, strategies, technologies, payment systems, and decision-making structures. As such, satellite systems could be an essential part of the proposed modernized mixtures (MM) approach as suggested by Spaargaren et al. (2005 ), van Vliet (2006 , and Oosterveer and Spaargaren (2010) . This can be done by modifying conventional systems to meet public health and environmental challenges; adopting nonconventional design principles and technologies; applying innovative organizational formats, novel scientific knowledge, and techniques; and optimally merging strengths of centralized and alternative sanitation in development of intermediate level sanitary services that are technically, socially, and locally sustainable.
For fitting satellite sanitary systems into an MM, a diverse set of social and technical aspects are taken into account to assess sanitation systems, including technical and spatial scale; scope of management between centralized and decentralized organization; combination or separation of waste(water) flows; and use of conventional or noncoventional technology. These aspects are examined for the five satellite systems in Toward Modernized Satellite Sewerage and Treatment Systems section ( Fig. 1 ).
Kampala Sewerage Infrastructure Growth and Emergence of Satellite Systems
The first sewerage plan in Kampala was prepared in 1930 and was based on the separation of storm water and sewage. The plan targeted the whole township and was gradually extended over the water distribution area but excluded the socalled African areas. It drew, to a large extent, on British design practice and norms (Nilsson, 2006) . A second sewerage plan FIG. 1. Kampala satellite systems as modernized mixtures, alternative to centralized sewerage (A) and on-site sanitation (B).
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was developed in 1951, which guided sewerage development from 1958 to 1998. Eventually, it has taken public sewerage 80 years to cover 5% of the population and 10% of the urban area; whereas it still follows colonial spatial and sewerage planning legacy. The current sewerage plan envisages 25% population coverage by 2033. Inability of public sewerage to keep pace with both population and spatial growth offers satellite sewerage a chance for growth. It has taken satellite sewerage about 5 years to rise from 0.8% in (NWSC, 2004 ) to 1.4% of sewered population currently. This make thems account for 21.5% of sewer population, which positions it as a parallel sanitary provision pathway in Kampala. At present, satellite systems are starting to be institutionalized through their incorporation in the current sanitation master plan (NWSC, 2004) . The plan acknowledges their existence and contribution as parallel sewerage. Second, deliberate attempts have been made to stimulate private sector efforts in their development of affordable, planned, and serviced settlements to bridge a housing deficit that is estimated at 100,000 units.
{ A satellite approach offers a better impetus for such initiatives. Third, satellite systems are now stipulated for in a regulatory framework (Uganda, 1995a (Uganda, , 1995b (Uganda, , 1997 (Uganda, , 1998 (Uganda, , 1999 . The combination of regulations provides for the following:
1. development of private sewerage systems under supervision and approval by the state sewerage agency; 2. connection of private sewerage to public sewers or operated as a decentralized system; 3. appointment of a sewerage authority to manage a sewerage area in all cases; 4. sewerage development in accordance with code and standard of workmanship; 5. treatment works to meet discharge standards, operate with discharge permit and monitoring compliance; 6. payment of annual waste discharge and regulatory fees by a holder of waste discharge permit; 7. levying of approved sewerage tariffs to meet management costs and regulatory fees.
Assessment of Kampala Satellite Systems
Satellite settlements are a product of blocks of land acquired, planned, and serviced; and they meet planning criteria for decentralized planning purposes (Nkurunziza, 2007) . They are located in peri-urban areas and are small scale in terms of population, area, network size, and treatment (Table  1 ; Fig. 1 ). They were developed in the 1960s for government facilities, the 1970s for government residential schemes, and from 1990s onward for private residential, institutional, and governmental facilities (Table 1) .
So far, satellite sewer characteristics (their location, size, and materials) have been inadequately documented. Interviews with sewerage managers, field observation, and examination of technical reports revealed that satellite sewerage (a) is conventionally designed and constructed with a high number of manholes and pipes laid along the road at considerable depths; (b) their designs were supervized and approved by the city council in 1960s and 1970s, whereas since 1990s, private consultants have designed and implemented with state sewerage agencies in a supervisory role; (c) sewer materials are mainly concrete for the 1960s and 1970s and PVC, from 1990s onward; and (d) assessed sewer lines are generally in good working conditions with no reported cases of sewer collapse, blockages, or overflows. However, the inlet pipe to Bugolobi ponds, a treatment system connected to one of the satellite sewer systems, was broken without repair for a decade.
The currently collected satellite sewage is mainly treated by waste stabilization ponds consisting of 2-4 ponds in series with effluent discharge to rivers and wetlands. Most ponds, except Naalya, are not provided with a screen, a flume, or bypass control valves, thus not permit desludging of individual ponds while operations are being maintained in others (Table  1 ). Naalya's last two ponds have fish stock that personnel fish for subsistence or extra income.
The studied satellite treatment systems lack any form of monitoring and inventory records. A monitoring survey for this study showed that performance is mixed: some meet effluent standards, whereas others do not. Overloaded ponds show weak performance compared with those operated at design load or below design capacity (Table 1) )MPN/100 mL). The low performance of ponds is attributed to overloading, low retention time, omission of maturation ponds in some, and poor maintenance regime. Some ponds are covered by duckweed or contain large amounts of algae. Algae may contribute to high concentrations of TSS in effluents, which together with nutrients (N and P), are then hardly removed in pond systems (Cosser, 1982; Mara, 1996) . Maturation ponds are on average over a meter deep. Most optimal performance is attained in shallow depths of less than a meter down to 30 cm (Silva et al., 1995) , but for practical purposes, a depth of 1 m is generally applied. The designed depths of maturation ponds are Bugolobi (1.21 m), Unise (1.14 m), Namboole (1.05 m), and Ntinda (0.89 m) (NWSC, 2004) .
Satellite systems are developed by multiple providers to serve peri-urban areas. Most developers are also operators (Table 1) . Ntinda and Namboole, however, are managed by Ntinda Neighborhood Association and Sports Management Council, respectively. The state sewerage agency, Directorate of Water Development, have not yet appointed sewerage authorities for satellite areas. Operators, mostly hired casual workers, are unskilled for the required job. Management regimes such as desludging schedules, expansion plans, service charges, and fees are lacking. Moreover, payments of discharge, monitoring, and user fees are lacking.
Toward Modernized Satellite Sewerage and Treatment Systems
Satellite systems prove to be useful and necessary in Kampala, but significant inadequacies exist in most of the systems. The inadequacies are attributed to the poor management of the apparent centralized and decentralized approach in satellite system provision ( Fig. 1): small-scale but lacks flexible mechanisms for sewerage charges and fees; conventionally planned, designed, and constructed without end-user involvement; water and waste flows are separate: storm water is separated from sewage and provided by city council, water is supplied by sewerage corporation whereas sewage flows are land use or facility specific, combined as domestic sewage and provided by satellite providers, with little reuse; decentralized management without adequate central control: lack of appointing of sewerage authorities to manage satellite areas, monitoring compliance, and mechanisms for asset transfer and ownership when properties are sold to individuals.
The top circle in Fig. 1 shows all the possible options in sanitary transformation. There is no ideal picture of MM due to the diversity in technology applications and providers. However, any mixture would be better than one of the extreme options: centralized (A) or decentralized (B). The inadequacies have caused misperformance and unsustainability in satellite systems, which require three remedial measures:
1. To establish a mix of centralized and decentralized management for managing the satellite sewers and treatment systems ( from waste water treatment systems to production centers through waste valorization and fish aquaculture. In Calcutta, India, waste stabilization ponds are profitable fish-production centers, with fees paid by fish cooperatives able to operate and maintain treatment systems (Kamal et al., 2008) . In such a system, the protein-rich duckweed harvested from ponds is, for example, used as fish feed, thus resulting in high fish yields. The recovery of nitrogen by duckweed enhances treatment efficiencies and financial sustainability (El-Shafai et al., 2007) . 3. Alternative to the currently applied conventional pond systems, modern compact bio-treatment systems offer high treatment performances at relatively low costs and low space demands. Particularly modern compact anerobic high-rate technologies complemented with adequate post-treatment systems can provide a costeffective technology provision, independently from the electricity grid (Uemura and Harada, 2010; van Lier et al., 2010) . Obviously, such systems are an attractive alternative to the compact systems in Mukono or one procured for Lubowa, which are aerobic and energy demanding.
Conclusion
Satellite sewerage systems are increasingly being developed in cities of the developing world as a result of public sewerage agencies' inability to provide sewerage services in tandem with urbanization. Satellite systems are promising, especially in situations of limited central sewerage not being in pace with extensive water supply, horizontal expansion, and growth of institutions and middle-and high-income groups that often require planned and serviced sites. This article shows that satellite systems which are applied in peri-urban areas are operated independently from centralized services. However, the treatment systems connected to these satellite systems are lacking adequate management and control. Several ideas for upgrading are proposed. Compared with central sewerage and treatment systems, satellite systems provide a viable localized sewerage and treatment pathway at a faster rate, against lower costs. They are custom made, enable wider actor collaboration, and can be financed fully from internal resource mobilization. If adequately managed, satellite systems are a viable intermediate-level sanitary services delivery in Kampala and East African cities, in general.
